4 = dihydrogenphosphate) have been prepared and structurally characterized. In compound 1, the dihydrogenphosphite anions form dimers, with a P···P distance of 4.2073(7)Å, by two O-H···H hydrogen bonds, and the dimeric dihydrogenphosphite units interact with the H 2 bpe cations by way of N-H···O and O-H···O hydrogen bonds, resulting in a one-dimensional chain. The chains are held together by C-H···O interactions. In compound 2, the phosphate ions are connected by O-H···O hydrogen bonds into an unusual 2D square gridtype framework with P···P separations ranging from 4.7533(7) to 4.9506(8)Å. The H 2 bpe cations crosslink the dihydrogen phosphate layers by N-H··· O hydrogen bonds, forming a three-dimensional supramolecular network with channels. The water molecules in compound 2 occupy these channels and make O-H···O bonds to adjacent phosphate O atoms and also O-H··· O bonds to the next water O atom in the channel.
Introduction
In the formation of organic-templated phosphates, protonated organic amines play an important role. For example, they act as structure-directing agents, usually occupying the available voids or channels, and stabilize the structure via hydrogen bonding and other intermolecular interactions [1 -4] . Furthermore, the organic amine acts as a ligand to metal ions and it has been shown that the number of amino groups has significant effects on these materials and the use of diamines, triamines or tetramines seems to be more effective than that of monoamines [5 -8] . Sometimes, organic ammonium phosphates are formed as intermediates or by-products in the synthesis of organictemplated metal phosphates [9 -11] . They exhibit interesting crystal packing motifs strongly influenced by N-H···O and O-H···O hydrogen bonds [12 -16] . In some cases, hydrogen bonding results in a threedimensional supramolecular array of phosphate ions 0932-0776 / 06 / 0900-1067 $ 06.00 © 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com and the organic ammonium cations are encapsulated in the channels of the framework [17, 18] .
As a part of our work on the preparation and structural characterization of organic ammonium phosphates, in this paper, we report the characterization and structures of two ionic compounds of the ethene-trans-1,2-bis(4-pyridinium) dication (H 2 bpe) with dihydrogenphosphite and dihydrogenphosphate anions, namely H 2 bpe(H 2 PO 3 ) 2 (1) and H 2 bpe(H 2 -PO 4 ) 2 · H 2 O (2).
Results and Discussion

Description of the crystal structures
The structure of 1 is built up from [H 2 PO 3 ] − dihydrogenphosphite anions and ethene-trans-1,2-bis(4-pyridinium) cations. The latter species is generated from the asymmetric unit by inversion symmetry (Fig. 1) . Selected geometrical data are presented in Table pyramidal geometry, and the P-O bond lengths and angles are normal [mean P-O = 1.524(2)Å]. As expected, the protonated P1-O3 link is significantly longer than the unprotonated bonds.
As well as by electrostatic and van der Waals forces, the components in 1 interact by way of N-H···O and O-H···O hydrogen bonds to result in a crystal structure with strong one-dimensional character. The anions are self assembled into dimers [P1···P1 i = 4.2073(7)Å], linked by two O3-H2···O1 i (see Table 1 for symmetry codes) hydrogen bonds (Fig. 2) . Then, the cations form N-H···O bonds to result in a chain of alternating ([H 2 very weak, with a minimum ring-centroid separation of 4.67Å.
The structure of 2 contains hydrogenphosphate anions, ethene-trans-1,2-bis(4-pyridinium) cations and water molecules. As with 1, the complete dication is generated by inversion symmetry (Fig. 3) . Table 2 gives selected geometrical data. The [H 2 PO 4 ] − group is normal, with the two P-OH vertices showing the expected lengthening relative to the P-O bonds which have formal partial double bond character [mean
Again, hydrogen bonds appear to play a key role in establishing the crystal packing in 2. Both P-OH vertices participate in H bonds to nearby anions to result (Fig. 4) in an unprecedented square network of phosphate ions. The graph theory notation [19] for this configuration is an R 4 4 (16) loop, and the nodal P atom separations are P1···P1 i = 4.7533(7) and P1···P1 ii = 4.9506 (8)Å (i = x, −y, 1/2 − z, ii = 1/2 − x, y − 1/2, 3/2 − z). The organic dication forms an N-H···O hydrogen bond from each of its N atoms to crosslink the (100) dihydrogenphosphate sheets in the a direction (Fig. 4) either ··· O5-H5··· O5-H6··· O5-H5··· or ··· H5-O5-··· H6-O5··· H5-O5···, but, as modelled here, there is no coherence between channels. Attempts to refine an ordered distribution of H bonds in lower symmetries were not successful. As in 1, some short C-H···O contacts are present in 2 (Table 2) , although their role, perhaps helping to anchor the dications to the (100) phosphate sheets, is not so clear-cut as in 1.
IR spectra
The IR spectra of compounds 1 and 2 are almost identical. The ν(O-H) and ν(N-H) vibrations are expected to appear above 3000 cm −1 , but they are observed as a strong single band centered at 3055 cm −1 for 1 and at 3030 cm −1 for 2, due to overlapping. The sharp and strong band at 2336 cm −1 is assigned to the P-H stretching vibration of the phosphite group of 1, and the medium bands at 1651 and 1523 cm −1 are attributed to the ring stretching vibrations of the H 2 bpe dication in both 1 and 2. Three distinct and strong bands at 1191, 1089 and 911 cm −1 correspond to the P-O stretching vibrations of the phosphite anions of 1, whereas the strong bands at 1217, 1089 and 962 cm −1 characterize the P-O stretching vibrations of the phosphate anions of 2.
Experimental Section
Materials and measurements
All reagents were commercially available and used without further purification. Elemental analyses (C, H, and N) were carried out on an Elementar Vario EL elemental analyzer. The FT-IR spectra were recorded from KBr pellets in the range 4000 -400 cm −1 by using a JASCO FT/IR-430 spectrophotometer. 
Synthesis of H 2 bpe(H
Synthesis of H
The preparation method for 2 was the same as described for 1 with H 3 PO 4 replacing H 3 PO 3 . Yield 58%. 
X-ray crystallography
The data collections were performed at 120 K for both compounds on a Nonius Kappa-CCD diffractometer with graphite monochromated Mo-K α radiation (λ = 0.71073Å). The structures were solved by Direct Methods using SHELXS-97 [20] and refined by a full-matrix least-squares procedure using the program SHELXL-97 [20] . All non-hydrogen atoms were easily found on the difference Fourier map and refined anisotropically. For both compounds, the P-OH and N-H hydrogen atoms were located in difference maps and their positions were freely refined. The C-bound H atoms were placed in idealized locations (C-H = 0.95Å) and refined as riding atoms. The water H atoms for 2 were located in difference maps and refined as riding in their as-found relative positions. The constraint U iso (H) = 1.2U eq (carrier) was applied in all cases. The details of data collection, refinement and crystallographic data are summarized in Table 3 .
Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication no, CCDC-299941 (1) and CCDC-299942 (2 
